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PAPERS 


STIFFNESS CHARTS FOR GUSSETED MEMBERS 
UNDER AXIAL LOAD 


SYNOPSIS 


Charts are presented that show the slope-deflection flexural coefficients, 
under axial compression axial tension conditions, for members consisting 
uniform middle part and infinitely rigid end regions equal unequal lengths 
25% the total length the member. Assuming that the actual gussets 
the ends member may replaced shorter gussets infinite rigidity, 
the charts may used the analysis secondary stresses gusset-connected 
trusses and the stability analysis such trusses either the moment- 
distribution method the slope-deflection method. Because the fundamental 
theories secondary stresses and stability analysis have been discussed 
elsewhere (see subsequent footnotes), these theories are not covered this 


paper. 


There exist two major problems the design and analysis gusset- 
connected trusses which essential that reasonably accurate values for 
the flexural rigidity the various members used. These problems are 
follows: (1) The calculation, certain cases, so-called secondary stresses 
resulting from the angular distortion the panels consequence axial 
strains; and (2) the calculation the critical loading that causes general 
instability the truss. Both problems may approached the slope- 
deflection method the moment-distribution method which depend for 
their correct application the use reasonably accurate values the true 
flexural stiffnesses the various members. 

Manderla, 1880, published? exact solution for secondary stresses 
trusses, which included correct expressions for the end moments uniform 

Nore.—Written comments are invited for publication; the last discussion should submitted 
September 1953. 

Associate Prof. Structural Eng., Purdue Univ., Lafayette, Ind. 


Berechnung der welche einfachen Fachwerke infolge starrer Knoten- 
verbindungen Manderla, Allgemeine Bauzeitung, 1880, 34. 
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member functions the end rotations and the axial load. Applications 
this solution and simplified slope-deflection and moment-distribution 
methods that neglect the effect axial load upon flexural rigidity are treated 
number Benjamin Wyly extended the 
moment-distribution method include the effect axial load upon flexural 
rigidity and presented curves that facilitate solution such problems. The 
effect finite length joints and gussets secondary stresses and stress 
analysis rigid frames was discussed ASCE. 

Eugene ASCE, has developed moment-distribution 
method for determining the stability structural frame and has prepared 
stiffness that reduce the labor stability analyses. The stability 
analysis trusses and frames has been further discussed and refined George 
Winter, ASCE, and Harold Wessman and Thomas Kava- 
nagh,'* Members, ASCE; ASCE; and Hoff, ASCE, 
and Numerical examples are given these references. Methods 
used usually are the type the slope-deflection type. 
Messrs. and have included the effect gussets equal length 
the buckling trusses, and have presented graphs from which modified 
factors may read directly. Using limited amount test data, Mr. 
and Jacob ASCE, have developed empirical relations 


“Secondary Stresses Bridge Grimm, John Wiley Sons, Inc., New York, Y., 
Sons, Inc., New York, Y., 10th Ed., 1929, Pt. Chapter VII, particularly 
pp. 469— 

Mohr, Wilhelm Ernst and Son, Berlin, Germany, 1906, pp. 420-430. 

Methods for the Analysis Multiple Joint Rigid John Goldberg and 
George Maney, Bulletin, Northwestern Univ., Evanston, 1932. 

Stresses Slope Deflection and Converging John Goidberg, Trans- 
actions, ASCE, Vol. 99, 1934, pp. 962-975. 

Indeterminate John Ira Parcel and George Alfred Maney, John Wiley 
Sons, Inc., New York, Y., Ed., 1936, pp. 266-281. 

Analysis Continuous Frames Distributing Fixed-End Hardy Cross, Transactions 
ASCE, Vol. 96, 1932, pp. 1-156. 

Effects Axial Load Moment Distribution Analysis Rigid Benja- 
Technical Note No. National Advisory Committee for Aeronautics, Washington, 
July, 

Discussion Wyly Multiple Span Rigid Frame Bridges the Slope Deflection 

Problems Bridge Wyly, Bulletin No. 454, Am. Ry. Eng. Assn., September- 
October, 1945, pp. 27-53. 

Equivalent Joint Method Rigid Frame Analysis—Modification Slope Deflection 
Approximations,” Wyly, Bulletin No. 502, Am. Ry. Eng. Assn., June-July, 1952, pp. 


“Stability Structural Members Under Axinl Eugene Lundquist, Technical Note No. 
617, National Advisory Committee for Aeronautics, Washington, C., October, 1937. 

Stiffness and Carry-Over Factors for Structural Members under Axial Load,” 
Lundquist and Kroll, Technical Note No. 652, National Advisory Committee for Aeronautics, Wash- 
ngton, C., June, 1938. 

Tables Stiffness and Carry-Over Factors for Structural Members under Axial 
Lundquist and Kroll, Wartime Report L-255 (ARR4B 24), National Advisory Committee 
for Aeronautics, Washington, C., February, 1944. 

“Buckling Trusses and Rigid George Winter, Hsu, Benjamin Koo, and 
Loh, Bulletin No. 86, Cornell Univ. Eng. Experiment Station, Ithaca, Y., April, 1948. 

Restraints Truss Members,” Harold Wessman and Thomas Kavanagh, 
ASCE, Vol. 115, 1950, pp. 1135-1153. 

Buckling Rigid Joint Structures—First Progress Report,” Bijlaard, 
School Civ. Eng., Cornell Univ., Ithaca, Y., November 1949 (mimeographed). 

“Buckling Rigid-Jointed Plane Hoff, Bruno Boley, Nardo, and Sara 
Kaufman, Transactions, ASCE, Vol. 116, 1951, 958. 

Boley, Nardo, and Sara Kaufman, 987. 
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between the actual length gusset and the reduced length equivalent 
but infinitely rigid gusset. 

the present paper, charts are presented (Figs. through 12) which show 
the coefficients used generalized slope-deflection formula (Eq. for 
idealized truss member consisting uniform middle portion and in- 
finitely rigid end portions equal unequal lengths 25% the total 
length the member. these charts, the coefficients are presented func- 
tions the magnitude and sign the axialload. Derivations for the equations 
which these charts are based are found Appendix and Appendix IT. 
These charts may used, under appropriate circumstances, facilitate the 
slope-deflection analysis the moment-distribution analysis secondary 
stresses and the determination stability limits gusset-connected trusses 
the methods described the references that have been cited. Charts for the 

0.05 and 0.20 (Figs. through 12) appear subsequently this 
paper relation specific numerical example. 

the case initially straight members, the flexural stiffness determined 
(a) the parameter the basic member, which the modulus 
elasticity and the moment inertia; (b) the sublengths the member and 
its reinforced portions, such gusset regions; (c) the flexural stiffness and type 
attachment the gussets other and (d) the magnitude 
the axial load acting the member. 

Under certain obvious conditions actual member (including two gussets 
finite rigidity) may, with sufficient accuracy, replaced idealized 
member that includes two gussets infinite rigidity but reduced length. 
One may assume, for example, that appropriate conditions prevail the gussets 
are integrally and continuously attached the main member and have flexural 
rigidities several times great that the main member. the re- 
placement procedure and the charts the stiffness coefficients may used with 
confidence the analysis welded truss the relative flexural rigidities 
the gussets are sufficiently great. The stiffness charts also may used the 
analysis riveted truss the rivet loads are small that rivet slip pre- 
cluded. Recent research has indicated that the clamping action obtained the 
use high-strength bolts may great enough true, 
may possible use the stiffness charts with confidence for well-designed 
bolted trusses, least for moderately heavy and light joint loads. the case 
trusses that are subject the possibility rivet slip, the direct use the 
charts, that is, the neglect rivet slip, usually should lead conservative 
analysis the secondary stresses, but unconservative estimate the 
stability limit the truss. 

Assuming that the gussets are several times stiff the basic member and 
that they are attached integrally the basic member, one may, for purposes 
analysis, replace the large but finite rigidity the gusset the end region 
infinitely rigid gusset somewhat shorter length. course, the differ- 
ence between the real length the finite gusset and the effective length the 
infinitely stiff gusset added the clear length the member. 
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Fia. 
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Several methods are extant which the actual member may reduced 
simplified member with infinitely rigid end regions. The most simple method 
may suffice the gusset several times stiff the member. Let 
specified, for example, that the fiexural rigidity gusset length (mea- 
sured from the center the joint outward along the member the outermost 
point attachment) that the flexural rigidity the basic member 
I)m, and that its clear length c’. The true stiffness the gusset region 
usually will J), plus because the gusset essentially added the 
sides the basic member. For constant bending moment the angular 

basic member will have the same angular change 


change the gusset region will a’. length the 


the case trapezoidal gusset, which varies appreciably, 
may desirable use 


Hence, for this approximate method, necessary merely add the dimen- 
sion the clear length the member and subtract from the actual length 
the gusset. similar procedure applied the other end reduce the 
gusset length b’. One thus arrives approximately equivalent simplified 
rigidity having each end infinitely rigid gussets lengths and 
respectively, such that 


which the over-all length the member and gussets, and computed 
manner similar that used for computing 

This method replacement admittedly approximate. However, other 
methods may developed along the same lines. The significant fact that, 
for practical purposes, gusset, finite rigidity usually may 
replaced the analysis infinitely stiff gusset reinforcement 
reduced length. emphasized that the assumed 
attached ideally the member and that such dislocations rivet slip are 
neglected must otherwise included. 

The problem determining the flexural rigidity member that rein- 
forced gussets thus reduced problem for which graphical aids may 
obtained. With this idea mind, graphs have been prepared showing the 
flexural stiffness coefficients idealized members having infinitely rigid end 
portions that are subjected simultaneously axial load. These graphs give 


MEMBERS 


the coefficients and which appear generalized form the slope-de- 
flection equation: 


which the slope the infinitely rigid end portion and the subscript 
members denote opposite ends member and which the moment 
one end the member (see Fig. coefficients and are presented 


2 
functions the three parameters, and which the applied 


axial load. 
transverse displacement having the value (in inches), which rotates the 
chord the member clockwise direction, equivalent counter-clock- 


wise end rotation applied each end. Therefore, the basic equation 


may generalized follows: 


corresponding formula may written for the parameters and 


are interchanged. 
The charts may used obtain factors for use moment-distribution 


7 


analysis. The quantity the true stiffness the member, and, 


therefore, any set quantities proportional for the various 


members wili serve distribution factors. 
The factor from may determined follows: For 
specified values and (see Eq. 16, Appendix II), the coefficient may 


determined. For the same value but with the original and inter- 


changed, one may determine the coefficient The carry-over factor from 


The carry-over factors from each end usually will different. 


The given the stiffness charts 3.72 (see Figs. and 10). 
For values 0.20, 0.05, and 0.5, the value the coefficient 
given 4.13 (see Figs. and Therefore the carry-over factor from 


similar manner and found 0.77. One item the stress 


= 
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analysis riveted trusses frequently overlooked. When the secondary end 
moments become large, the rivet pattern which attaches the member the 
gussets subjected not only force the longitudinal direction 
the member but also significant shearing force acting direction per- 
pendicular the member and, further, moment about the effective 
centroid the rivet pattern. The last two these load components may have 
appreciable effect the resultant stress the critical rivets. 


CONCLUSIONS 


Charts have been presented which give the slope-deflection constants for 
idealized members, consisting uniform middle part, plus two infinitely rigid 
end regions, under the action axial load. These charts may used the 
secondary stress and stability analysis gusset-connected trusses, the actual 
members which include gussets finite rigidity may replaced, some 
rational method, with idealized members. One simple rational method 
replacement has been suggested. assumed that the truss welded or, 
riveted bolted, the effects slip can neglected. This assumption may, 
turn, require careful computation the resultant rivet bolt loads and 
friction forces. 

The circumstances under which advisable necessary analyze for 
secondary stresses have been discussed generally held that 
plastic flow, particularly under near-static load conditions, may relied 
redistribute the critical stresses; and therefore may assumed that the 
secondary stresses not reduce the strength the structure. Discussion 
this theory beyond the scope the present paper. Under repeated load and 
other fatigue conditions, however, the amplitude the secondary stresses may 
such cause local failure after sufficient number load repetitions. 
Also, although secondary stresses may become important heavy bridge trusses 
composed stiff members, the stiffness these members usually will such 
minimize the effect the axial load the flexural stiffness. 


APPENDIX STIFFNESS FACTORS FOR UNIFORM BAR 


The bending moment distance measured logitudinally from the end 
compressed bar that subjected end couples and 
(see Fig. 13(a)) 


Use the well-known relation between the bending moment and the second 
derivative the deflection leads the following differential equation: 


Secondary Stresses Upon Ultimate Strength,” Jobn Parcel and Eldred Murer, 
Transactions, ASCE, Vol. 101, 1936, pp. 289-343. 


GUSSETED MEMBERS 
The particular solution this equation that satisfies the conditions zero 
displacement the ends the member 


which 


(b) AXIAL TENSION 


The general expression for the slope the bar 
dy M, cos p L + M; 


Evaluating Eq. atz Oandat and denoting the respective values 
the end slopes and 


The simultaneous solution Eqs. yields 


pLeospL 


Eq. may written the form: 


M,+M, 
L 
P P 
M, 
(a) AXIAL COMPRESSION 
L 
M,+M, A 
M, 
L 


GUSSETED MEMBERS 


which the respective coefficients and within the brackets 
Eq. 10. 

entirely analogous manner, bar (see Fig. 13(b)) that subjected 
simultaneously end couples and axial tension (that is, negative axial 
load) satisfies the differential 


Psinh 


P 


Evaluating the slopes the two ends the bar, and solving the resulting 
simultaneous equations, yields 


cosh 


M, = — 2 6; 


which also may written the form Eq. 11. 
The coefficients and are clearly functions only the parameter 


for the equivalent pin-ended member. Thus, the coefficients and 


are functions the single parameter 


APPENDIX II. MODIFICATION STIFFNESS FACTORS 
RIGID END PORTIONS 


now assumed that the gusset regions are replaced equivalent 
perfectly rigid end portions having lengths, and respectively (see Fig. 14). 
The remaining part, the total length the member then may assumed 

For small deflections, the cosine the local slope may taken unity. 
Consequently, the bending moments the interior ends the gussets, the 
ends the clear length are 


M, = FT (Bo, + Ao 92) 
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which and are the coefficients for the uniform member length and 
are therefore functions the single parameter, 


M,+M, 


and are the moments the extreme ends the member—that is, 
the centers rotation—then the moments and may expressed 
terms the end moments and the axial load: 


Therefore, 


Substituting Eqs. and into Eq. yields two simultaneous equations 


and similar expression for 


Here 
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seen that Eq. may written 


which and are defined Eq. and are functions (a) the coefficients 
and for the sublength the bar, (b) the geometric ratios and and 
(c) the parameter defined Eq. 16. 

Values and have been computed Eqs. through and are 
presented charts for wide range the parameters. 
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